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ABSTRACT Two antimelanoma immunoconjugates con-
taining a human single-chain Fv (scFv) targeting domain
conjugated to the Fc effector domain of human IgG1 were
synthesized as secreted two-chain molecules in Chinese ham-
ster ovary and Drosophila S2 cells, and purified by affinity
chromatography on protein A. The scFv targeting domains
originally were isolated as melanoma-specific clones from a
scFv fusion-phage library, derived from the antibody reper-
toire of a vaccinated melanoma patient. The purified immu-
noconjugates showed similar binding specificity as did the
fusion-phage clones. Binding occurred to human melanoma
cells but not to human melanocytes or to several other types
of normal cells and tumor cells. A 250-kDa melanoma protein
was immunoprecipitated by the immunoconjugates and ana-
lyzed by mass spectrometry, using two independent proce-
dures. A screen of protein sequence databases showed an exact
match of several peptide masses between the immunoprecipi-
tated protein and the core protein of a chondroitin sulfate
proteoglycan, which is expressed on the surface of most
human melanoma cells. The Fc effector domain of the immu-
noconjugates binds natural killer (NK) cells and also the C1q
protein that initiates the complement cascade; both NK cells
and complement can activate powerful cytolytic responses
against the targeted tumor cells. An in vitro cytolysis assay was
used to test for an immunoconjugate-dependent specific cy-
tolytic response against cultured human melanoma cells by
NK cells and complement. The melanoma cells, but not the
human fibroblast cells used as the control, were efficiently
lysed by both NK cells and complement in the presence of the
immunoconjugates. The in vitro results suggest that the im-
munoconjugates also could activate a specific cytolytic im-
mune response against melanoma tumors in vivo.

One of the strategies for immunotherapy of cancer involves
administering bifunctional reagents containing a tumor-
targeting domain conjugated to an effector domain that can
promote tumor regression. The tumor-targeting domain usu-
ally is derived from the combining site of an antitumor
antibody (1). The effector domain can be a cytotoxic molecule
such as Pseudomonas exotoxin, ricin, doxorubicin, or Diptheria
toxin (2), or a molecule that can induce a cytolytic immune
response, such as the Fc region of an Ig (3), the combining site
of an anti-T cell antibody (4), or a bacterial superantigen (5).
The clinical effectiveness of such bifunctional immunoconju-
gates is determined in large part by the tumor specificity of the
targeting domain, which should be sufficiently stringent to
avoid significant binding to normal cells, and by the immune
rejection response induced in patients, which should be suffi-

ciently weak to allow long-term administration of the immu-
noconjugate.

In the study reported here, we describe the properties of two
human antimelanoma immunoconjugates that could have po-
tential applications for melanoma immunotherapy. Each im-
munoconjugate contains a human single-chain Fv (scFv) mol-
ecule as the tumor-targeting domain, conjugated to the Fc
region of a human IgG1 Ig as the effector domain, constituting
virtually a human molecule that should be tolerated by the
human immune system. The scFv molecules originally were
isolated as melanoma-specific clones from fusion-phage librar-
ies derived from the antibody repertoire of a melanoma patient
who had been vaccinated with genetically modified autologous
tumor cells (6). The melanoma-specific clones bind to human
melanoma cell lines and frozen tissue sections, but do not bind
to primary cultures of normal melanocytes, endothelial cells,
and fibroblast cells, or to sections of 15 different normal
human tissues or several tumors other than melanoma (7). The
Fc region of human IgG1 binds the CD16 receptor on natural
killer (NK) cells and also the C1q protein that initiates the
complement cascade (4). Both NK cells and complement can
trigger powerful cytolytic immune pathways, which should be
directed against the melanoma cells targeted by the scFv
domain of the immunoconjugate.

The immunoconjugates for this study were synthesized in
mammalian and insect cells as homodimeric molecules, similar
to a natural Camelid antibody that lacks a light chain and the
C1 region of the heavy chain (8). The melanoma protein
immunoprecipitated by the immunoconjugates was identified
by mass spectrometric analyses as the core protein of a
melanoma-associated chondroitin sulfate proteoglycan
(MCSP) (9–11), which is expressed on the surface of most
human melanoma cells (9–13). The results of in vitro cytotox-
icity tests show that the immunoconjugates can specifically
target human melanoma cells for lysis by NK cells and com-
plement and therefore also might be effective against mela-
noma tumors in situ.

MATERIALS AND METHODS

Cell Cultures. The permanent human melanoma lines
A2058 (American Type Culture Collection) and TF2 (14) were
grown in DMEM 1 10% fetal calf serum. Primary cultures of
human microvascular endothelial cells and fibroblast cells were
extruded from newborn foreskin (15) and cultured in RPMI
medium supplemented with 8% fetal bovine serum and 2%
human peripartum serum; the endothelial cells were further
supplemented with 33 mM 3-isobutyl-1-methylxanthene and
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0.5 mM dibutyryl cAMP. Primary cultures of human melano-
cytes from newborn foreskin were prepared by the Skin
Disease Research Center at the Yale University School of
Medicine. The transformed human kidney cells 293-EBNA
(Invitrogen) and the Chinese hamster ovary (CHO) cells were
grown in RPMI 1 10% fetal calf serum. Drosphila cells
(Schneider S2) were grown at 25°C in Ex-cell 301 medium
(JRH Biosciences, Lenexa, KS) 1 10% fetal bovine serum.
Resting NK cells were isolated from normal donors by leuko-
phoresis and immunoselection (16) and were used within 18 hr
after isolation; most of the cells (.97%) were CD32, CD561,
and CD161.

Preparation of the Immunoconjugates. The procedures
involved transfecting the expression vector pcDNA3.1 (In-
vitrogen) into CHO cells or the expression vector pMK33y
pMtHy (gift from M. Koelle, Yale University) into Drosphila
cells; each vector carried a cDNA encoding a secreted immu-
noconjugate (Fig. 1). The cDNAs for the IgG1 leader was
synthesized by hybridizing two complementary oligonucleo-
tides containing EcoRI and SacI ends, as follows: (a) AAT-
TCATGGAGTTTGGGCTGAGCTGGCTTTTTCTTGTT-
GCTGCATTAAGAGGTGTCCAGTCCGAGCT; and (b)
CGGACTGGACACCTGTTAATGCCAGCAACAAGAA-
AAGCCGCTCAGCCCAAACTCATG. The cDNA for the
scFv targeting domains were synthesized from the correspond-
ing fusion phase (7) by using one PCR prime containing a SacI
site and another primer containing a BamHI site as follows: (a)
GTCGAGCAGAGCTCCAGGTGCAGCTGGTGCAGTCT-
GGGGCTGAGGTGAGGTGAAGAAGCC; and (b) ACGT-
TCAGGGGATCCACCTAGGACGGTCAGCTTGGTCCC.
The human Fc effector domain was synthesized from a cDNA
library derived from human peripheral blood lymphocytes,
using one PCR primer containing a BamHI site and another
primer containing a SalI site as follows: (a) ACCTTGCAG-
GATCCGCAAGACCCAAATCTTGTGACAAAACTCAC,
and (b) GATCACGTGTCGACTTATCATTTACCCGGAG-
ACAGGGAGAGGCTCTTTCTG.

These three cDNAs encoding a secreted immunoconjugate
were cloned sequentially into a vector for sequencing and then
subcloned into the expression vectors pcDNA3.1 and pMK33y
pMtHy for transfection into CHO or Drosophila S2 cells,
respectively. The transfection procedure for CHO cells in-
volved growing the cells in RPMI 1 10% fetal calf serum and
transfecting with 5 mg of an expression vector using Superfect
(Qiagen, Chatsworth, CA). Stable transfectants were selected
in RPMI 1 10% fetal calf serum 1 1 mgyml of G418. For
protein expression, transfected CHO cells first were adapted to

growth in CHO serum-free medium (Sigma), and then were
grown for 3 days as a suspension culture (2 3 105 cellsyml) in
the serum-free medium. The transfection procedure for Dro-
sophila S2 cells involved growing the cells in Ex-cell medium
1 10% fetal bovine serum and transfecting with 10 mg of an
expression vector using Lipofectin (GIBCOyBRL). Stable
transfectants were selected in Ex-cell medium 1 10% fetal
bovine serum 1 300 mgyml of hygromycin, and adapted for
growth as a suspension culture in serum-free Ex-cell medium.
Expression of the encoded immunoconjugate was induced in
the suspension culture by addition of 500 mM copper sulfate.

The immunoconjugates secreted by transfected CHO or
Drosophila S2 cells were purified from the culture medium by
affinity chromatography on a protein A matrix (Pierce).

Binding Specificity of the Immunoconjugates Measured by
Fluorescence-Activated Cell Sorting (FACS). Melanoma cells
and control cells were harvested in nonenzymatic dissociation
medium (Sigma), washed with PBSyBSA 1 0.1% sodium
azide, and incubated in PBSyBSA with added immunoconju-
gate (1 mgyml) or in PBSyBSA without an immunoconjugate
as a control. The cells were washed with PBSyBSA, incubated
30 min at 4°C with fluoroscein-labeled anti-human Fc g-chain
(Vector), and analyzed on a Becton-Dickenson FACsort in-
strument.

Immunoprecipitation of a Melanoma Cell Extract with an
Immunoconjugate. A sample of about 1 3 107 cells from the
human melanoma line A2058 was suspended in a solution
containing 10 mgyml of immunoconjugate, 1% BSA, and
0.05% sodium azide in PBS and was incubated for 30 min on
ice. The cells were washed twice with PBS and lysed in a
solution containing 1% Nonidet P-40, 1 mgyml of immuno-
conjugate, and 0.2 mM phenylmethylsulfonyl f luoride in PBS
for 20 min on ice. The lysate was spun at 13,000 rpm in
microfuge for 5 min, and the supernatant was recovered and
incubated with protein-G beads overnight on a rotator. The
beads were collected, washed twice with a solution containing
1% Nonidet P-40 in PBS and once with PBS, and then
collected, boiled in PAGE loading buffer, and analyzed by
PAGE.

Matrix-Assisted Laser Desorption Ionization-Mass Spec-
trometry (MALDI-MS) and Liquid Chromatography Tandem
MS (LCyMSyMS) Protein Identification. A protein band
stained with Coomassie blue was excised from the gel and
digested with trypsin as described at http:yyinfo.med.yale.eduy
wmkeckygeldig3.htm. A sample of the tryptic digest was
analyzed by MALDI-MS (17, 18) on a Micromass TofSpec SE.
To attain the high level of accuracy needed for peptide mass
searching, 100 fmol of bradykinin, which has a protonated
monoisotpic mass of 1060.57, and andrenocorticotropin clip,
which has a protonated monoisotopic mass of 2465.2, were
used as internal calibrants. The resulting monoisotopic masses
of the tryptic peptides were searched against the OWL data-
base with the PROFOUND program using a mass tolerance of 0.2
Da, and against the European Molecular Biology Laboratory
nonredundant database with the PEPTIDESEARCH program
using a 0.015% mass tolerance. Other important criteria used
in the search were a mass range that extended from 140 to 560
kDa, a maximum of one missed cleavage, and no limitation
with regard to taxonomy. All of the protein chemistry and mass
spectronomy studies were carried out in the W.M. Keck
Foundation and Howard Hughes Medical Institute Biopoly-
mer Laboratory at Yale University. Further information can
be found at http:yyinfo.med.yale.eduywmkecky.

A sample of the trypsin-digested protein band used for the
matrix-assisted laser desorption ionization-MS analysis also
was analyzed by liquid chromatographyyMSyMS on a LCQ ion
trap mass spectrometer (19). A SEQUEST search of the MSyMS
data was done by using a tandem mass correlation algorithm
with a mass tolerance of 2.0 Da, to determine whether

FIG. 1. Organization of the scFv targeting domain and Fc effector
domain of an immunoconjugate molecule. VH and VL, heavy chain and
light chain variable regions, respectively, derived from a scFv fusion-
phage clone (7); a (G4S)3 polypeptide (curved line) links the VH to the
VL region. H, hinge region of a human IgG1 Ig containing two
disulfide bridges. CH2 and CH3, second and third constant regions of
a human IgG1 Ig.
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significant similarities exist between peptides from the tryptic
digest and the reconstructed theoretical spectra for a protein
in the National Center for Biotechnology Information nonre-
dundant database. Further information about this procedure
can be obtained at http:yyinfo.med.yale.eduywmkecky
prochem.htm#msymspi.

Assays for Cytolysis of Melanoma Cells by NK Cells and
Complement. The Calcein-acetylmethylester (Calcein-AM)
retention procedure (20) was used for both assays. The target
cells, either human melanoma lines or primary human fibro-
blast cells, were isolated from culture flasks in a nonenzymatic
dissociation medium (Sigma) and added to 96-well plates (2 3
104 cellsywell). The adherent target cells were washed once
with PBS and afterward were incubated for 20 min at 37°C in
serum-free culture medium (GIBCOyBRL) containing an
immunoconjugate (1 mgyml) or without an immunoconjugate
as a control. The target cells then were labeled with 7 mM
Calcein-AM (Molecular Probes) in serum-free medium for 40
min at 37°C. Calcein-AM is a fluorescent dye that enters the
cells, where it is enzymatically altered and remains intracel-
lular until the cells are lysed. For the cytolytic assays involving
NK cells, the labeled target cells were incubated 3–4 hr at 37°C
with human NK cells by using the indicated ratios of NK cells
to target cells. For the cytolytic assays involving complement,
the labeled target cells were incubated 1 hr at 37°C with human
serum or purified rabbit complement components (Cedarlane
Laboratories). After incubation with NK cells or complement,
the target cells were washed twice with PBS, and the fluores-
cence in the remaining adherent cells (residual f luorescence)
was measured with a plate reader. The maximum attainable
cytolysis of the target cells was determined by measuring
residual f luorescence of the target cells after treatment with
lysis buffer (50 mM sodium boratey0.1% Triton X-100, pH 9.0)
for 3 hr at 37°C. The maximum residual f luorescence was
determined by measuring the fluorescence of adherent target
cells that were not exposed to NK cells or complement. The %
cytolysis for each sample of target cells was calculated as
follows: (residual f luorescence of the sample target cells 2
residual f luorescence of the lysed target cells)y(maximum
residual f luorescence of the target cells 2 residual f luores-
cence of the lysed target cells).

RESULTS

Synthesis and Characterization of the Antimelanoma Im-
munoconjugates. The immunoconjugate encoded a human
IgG1 leader for secretion, a human scFv domain for targeting
melanoma cells, and a human IgG1-Fc effector domain (Fig.
1). The immunoconjugate molecules were expressed in trans-
fected CHO and Drosophila S2 cells and were purified from the
culture medium as two-chain molecules linked by disulfide
bridges in the hinge region of the Fc domain (Figs. 1 and 2).
Two immunoconjugates were synthesized, each containing a
scFv targeting domain derived from the fusion-phage clone
E26–1 or G71–1 (7). The binding specificities of the immu-
noconjugates E26–1 and G71–1 were tested by cell sorting
(FACS) using two human melanoma lines; the controls were
primary cultures of normal human melanocyte, fibroblast,
microvascular, and umbilical vascular endothelial cells, and the
human kidney line 293-EBNA. The results (Fig. 3) show that
the immunoconjugates bind strongly to the melanoma cell lines
but do not bind to the controls, consistent with the results
obtained with the E26–1 and G71–1 fusion-phage clones (7).
The binding to melanoma cells occurred when the cells were
collected from the culture flask using a nonenzymatic cell
dissociation medium (Sigma), but not when the dissociation
medium contained trypsin or when the dissociated cells sub-
sequently were treated with trypsin (data not shown). This
finding indicates that the cognate melanoma antigen(s) for the
immunoconjugates is located on the surface of melanoma cells.

The antigen(s) appears to be exceptionally sensitive to trypsin,
because the same exposure to trypsin did not affect the binding
to the melanoma cells of antibodies against the cell surface
molecules intercellular adhesion molecule-1, major histocom-
patibility complex class I, and tissue factor (data not shown).

Identification of the Cognate Melanoma Antigen for the
Immunoconjugates. Cultured cells from the human melanoma
line A2058 were equilibrated with the immunoconjugates
G71–1 or E26–1, and the cells were lysed with detergent. The
immunoconjugate-antigen complex in the lysate was collected
on protein-G beads and analyzed by PAGE. A protein band
with an apparent molecular mass of 250 kDa was detected in
the melanoma cells but not in the control (Fig. 4). Analysis of
a tryptic digest of the protein band by the matrix-assisted laser
desorption ionization-MS procedure (17, 18) identified 75
peptide masses that were not present in a digest of a control
gel slice. A search of protein sequence databases by PROFOUND
yielded 50 peptide masses that matched peptide masses in the
MCSP core protein (11), spanning 26% of the complete
protein sequence. The PROFOUND probability score for this
identification was 1.0, and the next closest score was 2.2E-61.
A search by PEPTIDE SEARCH matched 45 peptides to the MCSP
core protein, with 38 peptides representing the next closest
match.

The tryptic digest of the 250-kDa protein also was analyzed
by the liquid chromatographyyMSyMS procedure (19). A
SEQUEST search of the MSyMS data from the tryptic digest
showed significant similarity between the MSyMS spectra for
two or more peptides and the reconstructed theoretical
MSyMS spectra for two or more peptides from the MCSP core
protein in the National Center for Biotechnology Information
nonredundant database.

The results of both MS analyses indicate that the melanoma
protein immunoprecipitated by the immunoconjugates G71–1
and E26–1 matches the MCSP core protein.

Immunoconjugate-Dependent Cytolysis of Melanoma Cells
Mediated by NK Cells and Complement. One of the cytolytic
pathways of the immune system involves NK cells that can bind
directly to target cells, causing antibody-independent lysis of
the target cells (21). NK cells also bind to the Fc effector
domain of an antibody, resulting in antibody-dependent lysis of
cells that bind to the targeting domain of the antibody. This
antibody-dependent cell-mediated cytolytic pathway (ADCC)
also should cause lysis of cells that bind to the targeting domain

FIG. 2. Anlysis of the immunoconjugate G71–1 by PAGE under
reducing (lanes 1 and 2) and nonreducing (lanes 3 and 4) conditions.
The immunoconjugate was espressed in CHO cells for lanes 1 and 3,
and in Drosophila S2 cells for lanes 2 and 4.
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of immunoconjugates containing an Fc effector domain. To
test for an ADCC response dependent on the immunoconju-
gates E26–1 and G71–1, melanoma cells and fibroblast control
cells were labeled with the fluorescent dye Calcein-AM, and
the labeled cells were incubated with human NK cells alone or
together with an immunoconjugate. Cytolysis was assayed by
measuring the amount of fluorescent dye retained in the cells
that remained intact. The results for E26–1 (Fig. 5) show that
after incubation with the immunoconjugate and NK cells, the
percentage of lysed melanoma cells increased above the basal
level that occurs without the immunoconjugate, reaching

almost 100% lysis at a 20:1 ratio of NK cells to melanoma cells.
In contrast to the efficient lysis of melanoma cells, the fibro-
blast cells showed no significant increase in cell lysis after
incubation with the immunoconjugate and NK cells. Similar
results were obtained with the G71–1 immunoconjugate.

The sensitivity of target cells to lysis by NK cells is increased
by expression on the target cell surface of adhesion molecules
such as intercellular adhesion molecules (ICAMs) and is
reduced by expression of major histocompatibility complex
(MHC) class I molecules (22, 23). To determine whether

FIG. 3. FACS assays for binding of the immunoconjugate G71–1 to
human melanoma cells and human control cells. (A) Melanoma lines,
TF2. (B) Melanoma line A-2058. (C) Melanocytes. (D) Microvascular
endothelial cells. (E) Fibroblast cells. (F) Transformed kidney line
293-EBNA. The cells were collected from a culture flask after
detachment in a nonenzymatic dissociation medium (Sigma). The
detached cells were either exposed to the immunoconjugate (outlined
curve) or were not exposed (shaded curve). An increase in fluores-
cence after exposure to the immunoconjugate indicates that the cells
bind the immunoconjugate. The number of gated events analyzed for
each sample was at least 5,000. The immunoconjugate E26–1 also was
analyzed by FACS and showed similar results as G71–1.

FIG. 4. Immunoprecipitation of a human melanoma protein by
immunoconjugate G71–1. The human melanoma line A2058 was
equilibrated with the immunoconjugate and lysed with detergent, and
the immunoconjugate-protein complex was isolated on protein-G
beads and analyzed by PAGE using a 4–15% gradient gel. Lane M,
Protein molecular weight markers. Lane 1, immunoconjugate alone.
Lane 2, immunoconjugate with associated melanoma protein. The
same experiment was done with immunoconjugate E26–1, which also
immunoprecipitated a single protein with a molecular mass of 250
kDa.

FIG. 5. Immunoconjugate-dependent lysis of melanoma cells by
NK cells. The melanoma cell line A-2058 and the fibroblast cell control
were labeled with the fluorescent dye Calcein-AM. The fraction of
melanoma or fibroblast cells remaining intact after exposure to NK
cells alone (A bars), or to NK cells with the immunoconjugate E26–1
(B bars), was measured by residual f luorescence. The ratio of NK
effector cells to target cells (EyT) was varied from 3 to 20. Three
complete sets of experiments were done for both the melanoma and
fibroblast cells; for each experiment, the cytolysis assays were done in
quadruplicate. The bars represent the average of the cytolysis assays
for the three experiments, which generally agreed within 10%. The %
cytolysis was calculated as described in Materials and Methods. Similar
results were obtained with the immunoconjugate G71–1.
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differences in expression of these molecules might contribute
to the differences in the sensitivities of melanoma cells and
fibroblast cells in the antibody-dependent cell-mediated cyto-
lytic pathway assays, the expression of ICAM-1 and MHC class
I molecules by melanoma and fibroblast cells was measured by
FACS. Expression of both molecules was similar in the two cell
types (data not shown), indicating that the specific lysis of
melanoma cells by NK cells depends on the binding of the
immunoconjugates to the cognate antigens expressed on mel-
anoma cells.

Another cytolytic pathway of the immune system involves
the complement cascade, which is activated when the molecule
C1q reacts with the Fc region of antibodies bound to a target
cell (4). To test for a complement-mediated cytolytic response
against melanoma cells, dependent on the immunoconjugates
E26–1 and G71–1, the same assay procedure used for the
NK-mediated cytolytic response reported above was used with
one change, namely that human serum or rabbit serum, which
contain the components of the complement cascade, was
substituted for NK cells. The results (Fig. 6 and Table 1) show
that after incubation with the immunoconjugates and either
human serum or rabbit serum, there was an increase in the
fraction of melanoma cells lysed from 4% to almost 100%. In
contrast to the efficient lysis of melanoma cells, the fibroblast
cells showed a small increase in the fraction of lysed cells after
incubation with the immunoconjugates and human serum and
no significant increase after incubation with the immunocon-
jugates and rabbit serum.

DISCUSSION

In an earlier study we described the isolation and character-
ization of several scFv fusion-phage clones, derived from the
antibody repertoire of a vaccinated melanoma patient, which
bound to human melanoma cells but not to human melano-
cytes or several other types of normal cells and tumor cells, and
therefore appeared to be melanoma specific (7). For the
present study the scFv molecules from two of the clones were
used as the targeting domains for constructing immunocon-
jugates containing a human IgG1-Fc effector domain (Fig. 1).
The protein immunoprecipitated from human melanoma cells
by both immunoconjugates was identified by mass spectromet-
ric analyses as the core protein of a MCSP (9, 10). The MCSP
molecule was first identified as the cognate antigen recognized

by the mAb 9.2.27 (9), and it appears to be the cognate antigen
for several other mAbs (13, 24, 25). Several scFv fusion-phage
clones that bind to the melanoma antigen HMW-MAA, which
probably is the same as MCSP, have been isolated from a
synthetic human scFv library by panning against purified
HMW-MAA (26). The MCSP molecule is expressed predom-
inately on the surface of most human melanoma cells (9–13)
and also on capillary endothelial cells of glial tumors (27). The
finding that MCSP is the cognate antigen for at least two of the
melanoma-specific clones isolated from a melanoma patient’s
scFv fusion-phage library by panning against melanoma cells
(7) suggests that MCSP is a dominant melanoma antigen in
vivo.

As an initial test of the therapeutic potential of the two
immunoconjugates, an in vitro cytotolytic assay involving flu-
orescent-labeled target cells was used to determine the capac-
ity of the immunoconjugates to target human melanoma cells
for lysis by NK cells and by complement. Both of the immu-
noconjugates produced a sharp increase in the cytolytic activity
of NK cells and complement against melanoma cells, resulting
in virtually complete lysis of the targeted melanoma cell
population and only minor or no increase in lysis of the
fibroblast cells used as a control. There was also a significant
background of immunoconjugate-independent cytolysis of
melanoma cells and fibroblast cells by NK cells and comple-
ment, which is expected for an allogenic assay in which the
tumor cells, NK cells, and complement are isolated from
different individuals (28). This background should be reduced
in a cancer patient, because all of these components are
autologous.

The results of the in vitro cytolytic tests provide preliminary
evidence that immunoconjugates could have a potential role in
immunotherapy protocols with melanoma and other cancers
for which tumor-specific scFv or VH (heavy chain variable
region) targeting domains are available. It remains to be
determined whether such immunoconjugates also can activate
a cytolytic immune response in vivo that is sufficiently strong
to cause tumor regression and sufficiently specific to avoid
unacceptable damage to normal tissues. A limited phase-I
clinical trial for melanoma immunotherapy with the mouse
mAb 9.2.27, which binds to MCSP, showed specific localization
of the antibody in the tumors without evidence of associated
toxicity (29). The scFv immunoconjugates that bind to MCSP
should be more effective than a mouse mAb for immunother-
apy, because the smaller molecular size should improve tumor
penetration, and the human derivation of the molecule should
minimize an immune rejection response. The G71–1 and
E26–1 immunoconjugates probably bind to different MCSP
epitopes, as suggested by major differences in their VH se-
quences (7), and therefore could be administered together to
enhance therapeutic efficacy.

The experiments involving synthesis of the immunoconjugates and
identification of the cognate melanoma antigen were done by B.W.,
Y.-B.C., and A.G., supported by a gift from private donors (S.L.
Misrock and A.M. Fox). The cytolytic assays were done by O.A. and
J.B., supported by National Institutes of Health RO1 Grant HL43331.
The valuable assistance of Dr. Ying Sun is gratefully acknowledged.

FIG. 6. Immunoconjugate-dependent lysis of melanoma cells by
complement. The procedure was as described in Fig. 5, except that
human serum or purified rabbit complement components were used
instead of NK cells. Immunoconjugate and complement reagents for
each assay were as shown in Table 1.

Table 1. Immunoconjugate and complement reagents used for
each assay in Fig. 6

Assay
Human
serum

Rabbit
complement

Immunoconjugate

G71-1 E26-1

A, F 2 1 2 2
B, G 1 2 1 2
C, H 2 1 1 2
D, I 1 2 2 1
E, J 2 1 2 1
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The mass spectrometic analyses were done by the Biotechnology
Resource Laboratory, W.M. Keck Foundation, Yale University.
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